Oncogenic fusion events have been identified in a broad range of tumors. Among them, RET rearrangements represent distinct and potentially druggable targets that are recurrently found in lung adenocarcinomas. We provide further evidence that current anti-RET drugs may not be potent enough to induce durable responses in such tumors. We report that potent inhibitors, such as AD80 or ponatinib, that stably bind in the DFG-out conformation of RET may overcome these limitations and selectively kill RET-rearranged tumors. Using chemical genomics in conjunction with phosphoproteomic analyses in RET-rearranged cells, we identify the CCDC6-RET I788N mutation and drug-induced mitogen-activated protein kinase pathway reactivation as possible mechanisms by which tumors may escape the activity of RET inhibitors. Our data provide mechanistic insight into the druggability of RET kinase fusions that may be of help for the development of effective therapies targeting such tumors.
INTRODUCTION
Targeted inhibition of oncogenic driver mutations with small molecules is a cornerstone of precision cancer medicine. RET rearrangements have been identified in a broad range of tumors, including 1 to 2% of lung adenocarcinomas, and their discovery sparked the hope for an effective treatment option in these patients (1) (2) (3) . However, when compared to other oncogenic "driver" alterations, such as rearranged anaplastic lymphoma kinase (ALK), rearranged RET seems to be a difficult target, and to date, no drug has been successfully established for the treatment of these tumors (4) (5) (6) . Recent clinical data suggest that overall response rates in patients treated with currently available RET-targeted drugs are rather limited and range between 18 and 53% (7) (8) (9) (10) . Improved selection of patients based on deep sequencing of individual tumors may help increase these response rates, but still progression-free survival seems to be very limited (7, 8, 10, 11) . These observations are particularly surprising from a chemical point of view because a broad spectrum of kinase inhibitors is known to bind to RET and to inhibit its kinase activity in vitro (6, 12) . On the basis of these observations, we sought to characterize rearranged RET in independent cancer models to identify potent RET inhibitors with high selectivity and optimal biochemical profile to target RET-rearranged tumors.
RESULTS
Kinase inhibitor AD80 shows extraordinary activity in RET-rearranged cancer models Because clinical experience with RET-targeted drugs in lung cancer patients is rather disappointing, we sought to test a series of clinically and preclinically available drugs with anti-RET activity in Ba/F3 cells engineered to express either KIF5B-RET or CCDC6-RET (1, 2, 12, 13) . In these experiments, AD80 and ponatinib exhibited 100-to 1000-fold higher cytotoxicity compared to all other tested drugs in RET-dependent, but not interleukin-3-supplemented, Ba/F3 cells ( Fig. 1A and fig. S1 , A and B). In line with these results, AD80, but not cabozantinib or vandetanib, prevented the phosphorylation of RET as well as of extracellular signal-regulated kinase (ERK), AKT, and S6K at low nanomolar concentrations in kinesin family member 5B (KIF5B)-RET-expressing Ba/F3 cells ( Fig. 1B and table S1 ). These data are in line with our own retrospective analysis where out of four patients with RET-rearranged tumors, we observed only one partial response in a patient receiving vandetanib (P2) as first-line treatment (fig. S1, C to E, and table S2, A and B) (9) . Sequencing of rebiopsy samples did not reveal candidate drug resistance mutations, suggesting that the target had been insufficiently inhibited (table S2C) .
To validate the efficacy of AD80 and ponatinib in an alternative model, we induced KIF5B-RET rearrangements (KIF5B exon 15; RET exon 12) in NIH-3T3 cells using clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9-meditated genome editing. We confirmed their anchorage-independent growth, increased proliferation rate, and high sensitivity to AD80 and ponatinib ( Fig. 1C and fig. S2 , A to C) (14) . Again, treatment with AD80, but not cabozantinib or vandetanib, led to inhibition of phosphorylated RET (phospho-RET) and of downstream effectors of RET signaling at low nanomolar concentrations (Fig. 1D) . AD80 led to dephosphorylation of S6 also in parental NIH-3T3 cells and Ba/F3 myr-AKT control cells, suggesting that S6 may represent an off-target at micromolar concentrations ( Fig. 1D and fig. S2D ) (13) .
To further substantiate our results, we next tested our panel of RET inhibitors in the CCDC6-RET rearranged lung adenocarcinoma cell line LC-2/AD (15). We observed similar activity profiles with AD80 followed by ponatinib as the most potent inhibitors compared to all other tested drugs in terms of cytotoxicity at low nanomolar concentrations (Fig. 1E) and inhibition of phospho-RET and other downstream signaling molecules (Fig. 1F) . Overall, our data suggest that in RETrearranged cells, AD80 and ponatinib are 100-to 1000-fold more effective against RET and its downstream signaling than any other clinically tested anti-RET drug.
AD80 and ponatinib effectively inhibit RET kinase in DFG-out conformation We benchmarked the genotype-specific activity of AD80 and ponatinib against well-described kinase inhibitors, such as erlotinib, BGJ398, vandetanib, cabozantinib, regorafenib, alectinib, and ceritinib, in a panel of 18 cancer cell lines driven by known oncogenic lesions, such as mutant epidermal growth factor receptor (EGFR) or rearranged ALK, including two RETrearranged cell lines (LC-2/AD and TPC-1) ( fig. S3A) (6, 12, 16) . Again, we identified AD80 and ponatinib as the most effective drugs and, through the calculation of median on-target versus off-target ratios, also as the most specific drugs in RET fusion-positive cells (fig. S3B and table S3) .
To further characterize intracellular signaling induced by an RET inhibitor, such as AD80, we performed mass spectrometry-based phosphoproteomic analyses of LC-2/AD cells treated with 10 or 100 nM AD80. In AD80-treated cells, we observed a significant decrease of RET Y900 phosphorylation with log 2 -fold changes of −1.07 (P = 0.009; 10 nM AD80) and −2.11 (P = 0.0002; 100 nM AD80), respectively ( Fig. 2A) . Among all phosphopeptides quantified under control, 10 nM, and 100 nM conditions (n = 11912), the abundance of RET Y900 was among the most decreased phosphopeptides (control versus 100 nM AD80; P = 0.00024) and the most decreased receptor tyrosine kinases ( fig. S3C ). These results highlight that in these cells, RET is the primary target of AD80.
On the basis of these observations, we speculated that activation of RET-independent signaling pathways should largely abrogate the cytotoxic effects of AD80. To this end, we supplemented LC-2/AD cells with exogenous receptor ligands and found that the activity of AD80 was significantly reduced (P ≤ 0.05) through the addition of EGF, hepatocyte growth factor, and neuregulin 1, indicating that RET is the primary cellular target in RET-rearranged LC-2/AD cells ( fig. S4A ).
To further characterize the high potency of AD80 and ponatinib against RET kinase fusions, we expressed and purified different truncated versions of the RET core kinase and juxtamembrane-kinase domain, as well as truncated forms of both coiled-coil domain containing 6 (CCDC6) (DCCDC6-KD) and KIF5B (DKIF5B-KD) kinase domain fusions ( fig. S4 , B and C) (17) . We used these different RET fusion kinase domain constructs to determine the extent to which binding of a given compound has an effect on protein thermal stability, as measured by the melting temperature (T m ). The difference in melting temperature with and without drug (DT m ) extrapolates the potency of the individual drugs against the respective constructs (17). To our surprise, we found that treatment with the type I inhibitors sunitinib or vandetanib resulted in a DT m of only 1°to 4°C, whereas the type II inhibitors sorafenib, ponatinib, or AD80 increased the DT m of up to 10°to 18°C (Fig. 2B and fig. S4 , D to H). We observed the strongest effects in DKIF5B-KD and DCCDC6-KD constructs treated with AD80 and core KD with ponatinib (Fig. 2B, fig. S4D , and table S4). Such a shift for inhibitors that stabilize the catalytically inactive conformation of RET kinase, in which the DFG motif is flipped out (DFGout) relative to its conformation in the active state (DFG-in), does not correlate with the differential in vitro kinase activity observed for sorafenib and other RET inhibitors (table S5) (6, 18) .
To further characterize the relevance of a DFG-out conformation for the activity of RET inhibitors, we performed structural analyses. We used homology modeling based on a vascular EGFR (VEGFR) kinase [Protein Data Bank (PDB) code 2OH4 (19) ] in the DFG-out complex similar to a previously published methodology (20) , followed by extensive molecular dynamics (MD) simulation refinement. We observed that the root mean square deviation (RMSD) values remained largely stable over the time course of the MD simulation (RET wt and RET V804M ), thus supporting our proposed model in which AD80 binds in the DFG-out conformation of the kinase ( fig. S5A ). In this model, AD80 forms a hydrogen bond (H-bond) with the aspartate of the DFG motif that may be involved in the stabilization of the DFG-out conformation (Fig. 3A) . A similar H-bond is also observed for cabozantinib, a known type II inhibitor, bound to RET wt ( fig. S5B ; see the Supplementary Materials and Methods for model generation). This finding corroborates the validity of our binding mode hypothesis, although the pose is biased by construction, being based on the refined RET wt /AD80 structure. Furthermore, we developed a binding pose model for AD57 (derivative of AD80) bound to RET wt (see below), which, upon superimposition, displays considerable similarity with the experimentally determined structure of AD57 bound to cSrc (PDB code 3EL8) in the DFG-out form, again validating our approach (figs. S4H and S5C). Next, we performed free energy MD simulations to transform AD80 into AD57. The calculations yielded a binding free energy difference of DDG°= −0.21 ± 0.17 kcal mol −1 at 25°C, which compares well with the values derived from median inhibitory concentration (IC 50 ) in in vitro kinase measurements. These latter concentrationbased measurements of binding affinity translate into an experimental estimate of the binding free energy difference of −0.41 kcal mol −1 with IC 50 (AD57) of 2 nM and IC 50 (AD80) of 4 nM (see the Supplementary Materials and Methods) (13) . Using an integral equation approximation as an alternative computational approach, we obtained 0.1 kcal mol
, also in close correspondence with both the MD and experimental results. Thus, these analyses further support the proposed DFG-out conformation as the preferred binding mode because such agreement between the experiment and the theory would not have been expected if the true and predicted binding modes were largely dissimilar.
Overall, our cellular screening, phosphoproteomic, biochemical, and structural data indicate that potent type II inhibitors, such as AD80 or ponatinib, have an optimal RET-specific profile that distinguishes them from currently available anti-RET drugs.
Introduction of RET kinase gatekeeper mutation reveals differential activity of RET inhibitors Secondary resistance mutations frequently target a conserved residue, termed gatekeeper, that controls access to a hydrophobic subpocket of the kinase domain (21) . To test the impact of the gatekeeper resistance mutations on RET inhibitors, we established Ba/F3 cells expressing KIF5B-RET V804M or CCDC6-RET V804M and tested them against a panel of different drugs. As expected, only ponatinib and AD80 showed high activity in these gatekeeper mutant cells (Fig. 3B) (22) . Similar activity was observed when testing the AD80 derivatives AD57 and AD81 for their inhibitory potential on Ba/F3 cells expressing wild-type and V804M-mutated KIF5B-RET or CCDC6-RET ( fig. S6A ). This effect was also evident in the ability of AD80 to inhibit phosphorylation of RET as well as of ERK, AKT, and S6K in these cells (Fig. 3C and Fig. 3A and the Supplementary Materials and Methods).
In parallel, we noticed that independent of the individual treatment, RET phosphorylation tended to be higher in gatekeeper mutant cells when compared to wild-type RET (Fig. 3D) . To further characterize these differences, we performed in vitro kinase assays and found that the introduction of the RET V804M mutation significantly (P < 0.001) increases the affinity of the recombinant receptor for adenosine 5′-triphosphate (ATP) when compared to the recombinant wild-type receptor (Fig.  3E) . Thus, similar to gatekeeper-induced effects on ATP affinity observed for EGFR T790M mutations, our data suggest that these effects may be of relevance for the activity of RET inhibitors in KIF5B-RET V804M and CCDC6-RET V804M cells (23) .
Saturated mutagenesis screening identifies CCDC6-RET I788N drug resistance mutation To identify RET kinase mutations that may be associated with resistance against targeted therapy, we performed accelerated mutagenesis of RET fusion plasmids (24, 25) . We identified the CCDC6-RET I788N mutation by selection of an AD80-resistant cell population (table S6) . To validate this finding, we engineered Ba/F3 cells expressing KIF5B-RET I788N or CCDC6-RET I788N and observed a robust shift in cytotoxicity in response to AD80 treatment (Fig. 4A) , as well as the other RET inhibitors, cabozantinib and vandetanib, but not ponatinib (Fig. 4B and fig. S6B ).
Immunoblotting confirmed that the introduction of the KIF5B-RET I788N mutation had a minor effect on the efficacy of ponatinib but a major impact on AD80, as measured by phospho-RET analysis (Fig. 4, C and D) . not possible based on structural analysis alone, requiring further investigations. Thus, our data uncovered a resistance mutation RET I788N that may arise in RET-rearranged tumors under RET inhibitor treatment and that retains sensitivity against ponatinib.
Feedback-induced activation of MAPK signaling modulates activity of RET inhibitors Beyond the acquisition of secondary mutations, drug treatment of cancer cells may also release feedback loops that override the activity of targeted cancer treatment (26, 27) . To systematically characterize these effects, we analyzed altered gene expression by RNA-sequencing (RNA-seq) of LC-2/AD cells under AD80 treatment and performed gene set enrichment analysis (GSEA) (28) . Our analyses revealed that treatment with AD80 results in up-regulation of genes that are typically repressed by active KRAS (KRAS down; adjusted P < 0.0001). On the contrary, genes that are activated by KRAS were down-regulated (KRAS up; adjusted P = 0.003) (Fig. 5A) . Accordingly, the list of significantly down-regulated genes contained DUSP6 (adjusted P < 1 × 10
), SPRY4 (adjusted P = 5.75 × 10 −89
), DUSP5 (adjusted P = 2.52 × 10 −38
), and other genes that buffer mitogen-activated protein kinase (MAPK) pathway (Fig. 5B ) (29) . This transcriptional deregulation of MAPK signaling was accompanied by residual phospho-ERK staining in immunoblotting analyses of RET-rearranged LC-2/AD cells after 24 hours of inhibitor treatment ( fig. S6C ). Using a Group-based Prediction System (GPS 2.12) to identify kinase-specific phosphosites that are perturbed in AD80-treated LC-2/AD cells assessed in our mass spectrometrybased analysis, we identified a marked enrichment of phosphosites known from different families of noncanonical MAPK kinases (MEKs), such as MAPK8 (66 phosphosites), MAPK13 (21 phosphosites), or MAPK12 (15 phosphosites) (Fig. 5C) .
We next tested the relevance of Ras-MAPK pathway reactivation in RETrearranged cells treated with AD80 alone or a combination of AD80 and the MEK inhibitor trametinib. In TPC-1 cells with limited vulnerability to RET inhibition, we observed a pronounced phospho-ERK signal in cells after inhibition with AD80 when compared to LC-2/AD cells ( fig.  S6D ). The combination of AD80 and trametinib fully abrogated MAPK signaling and depleted the outgrowth of resistant cells in clonogenic assays and enhanced the reduction of viability (Fig. 5D and fig.  S6 , E and F).
To formally test the relevance of MAPK pathway activation in the context of resistance to RET-targeted therapies in RET-rearranged cells, we stably transduced LC-2/AD cells with lentiviral KRAS
G12V
. Introduction of the oncogenic KRAS allele into LC-2/AD cells largely eliminated the activity of AD80, as measured in viability assays and by staining of phospho-ERK (Fig. 5, E and F) . Overall, our data suggest that drug-induced transcriptional and posttranslational reactivation of Ras-MAPK signaling may modulate the activity of RET-targeted inhibitors in RET-rearranged cells.
AD80 potently shrinks RET-rearranged tumors in patient-derived xenografts
To compare the in vivo efficacy of AD80 head-to-head with other RET inhibitors, we engrafted NIH-3T3 cells driven by CRISPR/ Cas9-induced KIF5B-RET rearrangements into NSG (nonobese diabetic/severe combined immunodeficient gamma) mice. After the development of tumors, mice were treated with either vehicle or 12.5 to 25 mg/kg of AD80, cabozantinib, or vandetanib, and tumors were explanted 4 hours later (30, 31) . We observed a pronounced reduction in phosphorylation of RET as well as AKT and ERK in tumors treated with AD80 (25 mg/kg) but not in tumors treated with cabozantinib or vandetanib (Fig. 6A) . Encouraged by these results, we next treated a cohort (n = 16) of patient-derived xenograft (PDX) mice engrafted with tumor tissue from a CCDC6-RET-rearranged colorectal cancer (CRC) patient with either vehicle or AD80 (25 mg/kg). Treatment with AD80 induced significant (P < 0.001) tumor shrinkage in CCDC6-RET PDX wt (Fig. 6 , B and C, and fig. S7A ) (32) . In line with our in vitro data for cells harboring RET gatekeeper mutations, tumor shrinkage (P < 0.01) was robust but less pronounced when we treated PDX mice (n = 16) engrafted with CRC tissue that had developed a CCDC6-RET V804M gatekeeper mutation under ponatinib treatment (Fig. 6, B and D, and fig. S7B ) (33) . Furthermore, we observed a robust reduction of cellular proliferation (CCDC6-RET wt , P < 0.001; CCDC6-RET V804M , P < 0.05), as measured by KI-67 staining in CCDC6-RET wt and CCDC6-RET V804M tumors (Fig. 6 , E and F). AD80 treatment did not cause body weight loss in either PDX model over the course of the study (fig. S7, C and D) . Together, our data indicate that AD80 is a highly potent RET inhibitor with a favorable pharmacokinetic profile in clinically relevant RET fusion-driven tumor models. 
DISCUSSION
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(ii) compound specificity and compound activity can be faithfully determined in complementary in vitro and in vivo models of rearranged RET, and (iii) resistance mechanisms against targeted inhibition of RET may involve RET I788N mutations and the reactivation of MAPK signaling.
The repurposing of crizotinib for the targeted treatment of ALK-rearranged tumors enabled a fast-track introduction of precision cancer medicine for this group of cancer patients and raised hopes that this approach may be a blueprint for the targeted treatment of other driver oncogenes, such as RET (34) . Although initial clinical response rates were promising in selected patients, a median progressionfree survival of less than 6 months and response rates of only about 18% in retrospective studies indicated that RET may be a difficult drug target after all (7, 9, 10, 35) .
Our systematic characterization of anti-RET drugs revealed distinct activity and specificity profiles for the type II kinase inhibitors AD80 and ponatinib in independent in vitro and in vivo models across different lineages of RET-rearranged cancer. This finding is noteworthy because the biochemical profiling of these compounds and structurally related compounds would have suggested a broad spectrum of kinase targets (13, 36, 37) . Our data also suggest that an inhibitory profile, including a stable binding in the DFG-out conformation of RET together with a potent in vitro kinase activity, may predict efficacy against RET-rearranged cancer cells. At the same time, our study is limited through the lack of insight into drug residence time or structural kinetics that may also contribute to the overall activity of type II inhibitors such as sorafenib and other RET inhibitors (20, 38) .
Notably, we identified a CCDC6-RET I788N resistance mutation that renders a number of tested RET inhibitors ineffective while retaining vulnerability to ponatinib. These findings resemble the experience with ALK inhibitors in ALK-rearranged tumors, where the availability of potent inhibitors allows a mutant-specific selection of inhibitors to overcome drug resistance (39) . In addition, our results suggest that the reactivation of intracellular networks, including MAPK signaling, may contribute to drug tolerance and, over time, may modulate the efficacy of RET kinase inhibitors in RET-rearranged tumors. Given the evident clinical need for effective targeted drugs against RET, our results provide a strong rationale for optimization of current therapeutic strategies and development of RET inhibitors for the effective treatment of RETrearranged cancers. Ki-67 IHC staining. ***P < 0.001; *P < 0.05.
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Study design
The goal of our study was to systematically profile a series of kinase inhibitors to identify features that predict high activity against RETrearranged tumors. In particular, we characterized the role of inhibitor binding to RET kinase. Furthermore, we performed chemical genomic analyses and transcriptional profiling to identify mechanisms of resistance against RET inhibitors in RET-rearranged cancer cells. The selection of cell lines was based on availability of RET-rearranged cellular models. We used the RET-rearranged lung adenocarcinoma cell line LC2/AD and the KIF5B-RET and CCDC6-RET viral transduced Ba/ F3 pro B cell line to benchmark the differential activity of different RET inhibitors. We specifically focused on the characterization of AD80 and ponatinib as the most active drugs. To further profile the intracellular effects of AD80, we used phosphoproteomics to demonstrate that phospho-RET is among the most decreased detected peptides. Because it was not possible for us to obtain crystal structures of AD80 in a complex with RET, we used homology-based modeling of the AD80: RET complex to further substantiate our hypothesis of AD080 binding the DFG-out conformation of RET. To identify resistance mutations against AD80 in CCDC6-RET, we performed saturated mutagenesis screening and found a I788N mutation but no mutations at the gatekeeper position V804 of RET. Finally, we used murine PDX models driven by CCDC6-RET wt or CCDC6-RET V804M showing potent in vivo efficacy of AD80. All experiments were performed at least three times. Screenings were performed in triplicates within each experiment. IHC analyses of PDX tumors were randomly selected and reviewed in a blinded fashion. More details for each individual experiment are indicated in Materials and Methods as well as in the main text and figure legends.
CRISPR/Cas9
CRISPR technology was used via a pLenti vector containing Cas9-IRES-blasticidine and two U6 promoters for expression of individual single-guide RNAs (sgRNAs) [sgRNA1 (intron 15 murine KIF5B), GGCACCAAACACTTCACCCC; sgRNA2 (intron 11 murine RET), GGGTGTAGCGAAGTGTGCAT) (14) ]. Twenty-four hours after transfection, the medium was changed to medium supplemented with blasticidin (10 mg/ml) (Life Technologies) for 4 days.
Immunoblot analyses
Immunoblot analyses were performed as previously described (40) . The individual antibodies are specified in the Supplementary Materials and Methods. Detection of proteins was performed via horseradish peroxidase or via near-infrared fluorescent antibodies using a LI-COR Odyssey CLx imaging system. Phosphoproteomic analyses LC-2/AD cells were treated with 0, 10, or 100 nM AD80, lysed, proteolytically digested with trypsin, and labeled with an isobaric mass tag (TMT10plex, Thermo Fisher Scientific). Peptides for global proteome analysis were fractionated by high-pH reversed-phase chromatography. Phosphopeptides were enriched via TiO 2 beads and fractionated using hydrophilic interaction chromatography (41) . Fractions were analyzed by nano-liquid chromatography-tandem mass spectrometry on a Q Exactive HF mass spectrometer (Thermo Fisher Scientific), and data were analyzed using the Proteome Discoverer 1.4 software (Thermo Fisher Scientific). A detailed description can be found in the Supplementary Materials and Methods. ). Phosphorylation of the substrate peptide was determined by Förster resonance energy transfer between europium cryptate and XL665. ATP K m (app) was calculated using a Michaelis-Menten plot.
Patient-derived xenografts
Tumor fragments from stock mice (BALB/c nude) inoculated with CCDC6-RET fusion-positive patient-derived tumor tissues (provided by Crown Bioscience Inc.) were harvested and used for propagation into BALB/c nude mice (32) . Mice were randomly allocated into vehicle (5% DMSO and 40% PEG400 in saline)-and AD80 (25 mg/kg)-treated groups (oral gavage) when the average tumor volume reached 100 to 200 mm 3 . Tumor volume was measured twice weekly in two dimensions using a caliper, and the volume is expressed in cubic millimeters [TV = 0.5(a × b 2 ), where a and b represent long and short diameter, respectively].
Immunohistochemistry IHC was performed on Leica BOND automated staining systems using Ki-67 and Mib-1 (Dako) antibodies according to the manufacturer's instructions. Ki-67 labeling index was determined by manually counting 100 tumor cells in the area of the highest proliferation.
Statistical analysis
All statistical analyses were performed using Microsoft Excel 2011 or GraphPad Prism 6.0h for Mac or R (www.r-project.org/). P values were assessed using Student's t test, unless specified otherwise. Significance is marked with *P ≤ 0.05, **P ≤ 0.01, or ***P ≤ 0.001.
SUPPLEMENTARY MATERIALS
www.sciencetranslationalmedicine.org/cgi/content/full/9/394/eaah6144/DC1 Materials and Methods Fig. S1 . Selective inhibition of signaling induced by rearranged RET and clinical activity in vivo. Fig. S2 . Induction of KIF5B-RET rearrangements in NIH-3T3 cells via CRISPR/Cas9 and S6 kinase as an off-target of AD80. Fig. S3 . Characterization of the activity profile of AD80. Fig. S4 . Delineation of the cellular targets of AD80 using ligand screens and thermal shift experiments. Fig. S5 . RMSD of RET and AD80 or cabozantinib over time and ALPB-optimized structures. Fig. S6 . Inhibitory potential of AD80 derivatives and resistance mechanisms against RET inhibition. Fig. S7 . Validation of PDX via fluorescent in situ hybridization (FISH) and in vivo effects induced by treatment with AD80. Table S1 . IC 50 values of AD80, cabozantinib, and vandetanib for phospho-RET in Ba/F3 cells expressing wild type or V804M KIF5B-RET. Table S2 . Rates of clinical response to currently available anti-RET drugs and clinical information of patients used in retrospective analysis. Table S3 . GI 50 values of the panel of patient-derived cell lines. Table S4 . Tabulated derivative melting temperatures (T m ) and differences in melting temperature (DT m ) values. Table S5 . In vitro kinase assay of RET wt , RET V804M , and RET V804L mutants with different inhibitors. Table S6 . Experimental setup for saturated mutagenesis screening. References 
